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Abstract 

Background: Canine babesiosis caused by Babesia rossi, transmitted by Haemaphysalis elliptica in South Africa, has also 
been reported from Nigeria. Although H. leachi (sensu lato) is widespread in sub-Saharan Africa, published literature on 
the occurrence of canine babesiosis is meagre. It has been postulated that the genotype of Babesia rossi Erythrocyte 
Membrane Antigen 1 (BrEMAI) may be linked to virulence of the specific isolate. The primary objective of this study 
was to detect and characterise tick-borne pathogens in dogs presented to a veterinary hospital using molecular 
techniques. In B. rass/'-positive specimens, we aimed to determine whether the BrEMAI gene occurred and to 
compare genotypes with those found in other isolates. Lastly, we wished to identify the tick species that were 
recovered from the sampled dogs. 

Methods: Blood specimens (n = 100) were collected during January to March 2010 from domestic dogs 
presented at an animal hospital in Jos, Plateau State, Nigeria. They were screened for the presence of Babesia/ 
Theileria and Ehrlichia/Anaplasma genomic DNA using PCR and Reverse Line Blot (RLB) assays. Positive B. rossi 
specimens were tested for the presence of the BrEMAlgene using an RT-PCR. In addition, ticks were collected 
from dogs found to be infested during sampling. 

Results: On RLB, 72 (72%) of the specimens were positive for one or more haemoparasites. Of the positive 
specimens, 38 (53%) were infected with B. rossi; 9 (13%) with Theileria sp. (sable); 5 (7%) with either Ehrlichia 
canis or Anaplasma sp. Omatjenne, respectively; 3 (4%) with Theileria equi; and 1 (1%) with B. vogeli and £ 
ruminantium, respectively. Co-infections were detected in 13 (18%) of the specimens. Results of RT-PCR 
screening for the BrEMAI gene were negative. A total of 146 ticks belonging to 8 species were collected 
and identified: Rhipicephalus sanguineus 107 (73%), Haemaphysalis leachi (sensu stricto) 27 (18%), R. turanicus 
3 (2%), and Amblyomma variegatum, H. elliptica, R. lunulatus, R. muhsamae and R. senegalensis 1 (1%), respectively. 

Conclusions: Up to 8 tick-borne pathogens possibly occur in the dog population at Jos, with B. rossi being the most 
prevalent. The absence of the BrEMAI gene suggests that B. rossi occurring in that area may be less virulent than South 
African isolates. 

Keywords: Babesia rossi, BrEMA I, Haemaphysalis leachi, Haemaphysalis elliptica, Rhipicephalus sanguineus, Domestic 
dogs, Nigeria 
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Background 

Tick-borne pathogens remain an important cause of 
disease among canine populations world-wide. Canine 
babesiosis caused by Babesia rossi is the most common 
and economically important tick-borne disease in South 
Africa [1], where the known vector is Haemaphysalis 
elliptica (formerly lumped with H. leachi) [2]. Presence 
in Africa of the less virulent Babesia vogeli, transmitted 
by Rhipicephalus sanguineus, was confirmed in 2004 [3]. 
Although H. leachi (sensu lato) is a ubiquitous tick of 
tropical and southern Africa [2,4], the published litera- 
ture on the occurrence of canine babesiosis in Africa is 
surprisingly meagre. Apart from South Africa, where the 
disease has been studied intensively, and Nigeria, the 
only published references traced were from Zimbabwe [5], 
Zambia [6,7], the Sudan [8] and the Cape Verde islands [9]. 

In Nigeria, canine babesiosis was first mentioned in an 
annual report of the Veterinary Department in 1926 
[10]. The disease occurred more frequently in imported 
dogs, while puppies born in the country, especially those 
of indigenous breeds, developed the disease in a milder 
form and usually recovered. This situation has persisted 
over many years [11]. In a survey of 400 dogs sampled 
randomly from many parts of Nigeria, only eight dogs 
(2.3%) were positive for B. rossi, while a single dog was 
positive for B. vogeli [12]. Blood smears made from 500 
dogs presented to veterinary clinics in Ibadan, Oyo State, 
were examined microscopically; 53 (26.0%) were found 
to be infected with B. canis (sensu lato), while 41 
(20.2%) were infected with B. gibsoni [13]. Babesia canis 
(sensu lato) was reported from Zaria, Kaduna State 
[14,15]. A low prevalence (2.8%) of B. canis (sensu lato) 
infection was found in a blood-smear-based survey 
among slaughtered dogs in Maiduguri, Borno State [16]. 
Using molecular detection and characterisation on blood 
specimens of 181 dogs presented to veterinary hospitals 
in four states, B. rossi was detected in 2/17 dogs (11.8%) 
in Rivers State, while in Plateau State it was found in 
6/41 (14.6%) dogs in Jos North and in 4/64 (4.8%) dogs 
in Jos South [17]. A single dog in Kaduna state was 
found to be positive for B. vogeli [17]. Interestingly, B. 
canis (sensu stricto) and B. rossi co-infection was found 
in a dog that had never left Vom, Plateau State [18]. This 
stimulated renewed interest in the epidemiology of ca- 
nine babesiosis in Africa, as it was the first confirmation 
of the occurrence of B. canis in a geographical region 
were Dermacentor reticulatus, the only confirmed vector 
of B. canis, does not occur [18]. 

Clinical signs of canine babesiosis always include fever 
and splenomegaly, while inappetence, weakness, leth- 
argy, generalised lymphadenopathy, anaemia and haemo- 
globinuria due to erythrolysis may also occur [19]. In 
some cases infection remains sub-clinical [20]. The 
clinical manifestation of B. rossi infection is classified 



as either uncomplicated or complicated [21,22]. It is 
regarded as uncomplicated if the clinical signs can be 
attributed solely to mild or moderate anaemia [21]. 
On the other hand, complicated cases are those 
where there is evidence of non-solid-organ failure 
characterised by severe anaemia and haemoconcen- 
tration or organ dysfunction/failure [22]. The mecha- 
nisms resulting in B. rossi being associated with such 
diverse clinical manifestations remain unknown. One 
possibility is that it may be due to genotypic differences 
among B. rossi strains, as has been suggested for B. canis 
(sensu stricto) [23]. A polymorphic phosphoprotein 
localised on the cytoplasmic surface of B. ros«'-infected 
erythrocytes has been named Babesia rossi erythrocyte 
membrane antigen 1 (BrEMAl) [19]. BrEMAl genes of 
various laboratory strains code for polymorphic pro- 
teins that contain various numbers of repetitive hexa- 
peptide motifs [19]. The exact function of this gene is 
unknown, but it is hypothesised that it may be related 
to virulence [19]. 

The primary objective of this study was to detect and 
characterise tick-borne pathogens in dogs presented to a 
veterinary hospital in Jos, Plateau State, Nigeria, using 
molecular techniques (Polymerase Chain Reaction and 
Reverse Line Blot). In B. rassi'-positive specimens,we 
aimed to determine whether the BrEMAl gene occurred 
and to compare genotypes with those found in other 
isolates. Lastly, we wished to identify the tick species 
that were present on the sampled dogs. 

Methods 

Collection of samples 

The study was carried out on dogs presented for treatment 
at the Evangelical Church Winning All (ECWA) Animal 
Hospital at Jos, Plateau State, Nigeria (9°56'N, 8°53'E; 
altitude 1217 m), virtually in the geographical centre of 
Nigeria. A total of 100 dogs were examined over a 3- 
month period (Jan-Mar 2010): 55 females and 43 males; in 
2 cases the gender/age were not recorded. Of the 55 female 
dogs, 41 were < 18 months old and 14 were regarded as 
adult. Of the 43 male dogs, 25 were < 18 months old and 
18 were regarded as adults. Dogs were clinically examined 
upon presentation. If detected, ticks were collected, stored 
in 70% alcohol and sent to the Department of Veterinary 
Tropical Diseases, Faculty of Veterinary Science, University 
of Pretoria, South Africa, for identification by stereomicro- 
scopy [24]. Blood specimens were collected into EDTA 
tubes from the cephalic vein. From the EDTA tubes 80 ul 
of blood were micro-pipetted onto the Whatman FTA 
classic card (GE Healthcare UK Limited). These cards 
were dried and sent to the Department of Veterinary 
Tropical Diseases of the Faculty of Veterinary Science 
University of Pretoria, South Africa. 
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DNA extraction 

DNA was extracted from the filter paper specimen. The 
QI Amp blood and tissue kit (Qiagen, Hilden, Germany) 
was used for DNA extractions following the manufac- 
turer's protocols. 

PCR 

The Babesia/Theileria PCR was performed with primers 
RLB-F2 (5'-GAC ACAGGG AGG TAG TGA CAA G-3') 
and RLB-R2 (biotin-5'-CTA AGA ATT TCA CCT CTG 
ACA GT-3') amplifying a fragment of 460-540 bp from 
the 18S rRNA gene spanning the V4 region [3,25]. The 
Ehrlichia/AnaplasmaVCR was performed with primers 
Ehr-R (5'-biotin-CGG GAT CCC GAG TTT GCC GGG 
ACT TYT TCT-3') and Ehr-F (50-GGA ATT CAG AGT 
TGG ATC MTG GYT CAG-30) amplifying a fragment 
of 460-520 bp from the VI hypervariable region of the 
16S SSU rRNA gene [26,27]. The conditions for the 
PCR included an initial step of 3 min at 42°C, 10 min 
at 94°C, 10 cycles of 94°C (20 s)-67°C (30 s)-72°C 
(30 s), with lowering of the annealing step after every 
second cycle by 2°C (touchdown PCR). The reaction 
was then followed by 40 cycles of denaturation at 94°C 
for 30 s, annealing at 57°C for 30 s and extension at 
72°C for 30 s. 

Reverse line blot hybridisation 

RLB was subsequently conducted on amplified products 
{Babesia, Theileria, Anaplasma and Ehrlichia) as previ- 
ously described [3]. The probes and their sequences used 
for detecting pathogen DNA are listed in Table 1. Each 
probe on the membrane has a related cloned positive 
control that is included with every RLB test. 

Real-time PCR 

Primers FrepBrEMAl (5'-CCA ACA TTG ATG ATG 
ACA A-3') and RrepBrEMAl (5'-CTG CAT GTC AGC 
TTC ATC A-3') for real-time PCR were used to specific- 
ally amplify the BrEMAl gene on samples that tested 
positive for B. rossi on RLB. The eBox Light Cycler DNA 
Master SYBR Green 1 Kit was used (Roche Diagnostics). 
The real-time PCR reaction mixture consisted of 13.4 ul 
of water PCR-grade, 1.6 ul MgCl 2 (5 pmol), 1 ul (5 pmol) 
of each primer, 2 ul Light Cycler 8 DNA Master SYBR 
Green I and 1 ul of DNA to a total volume of 19 ul. The 
real-time PCR was performed in 32 capillaries. Light 
Cycler 2.0 (Roche Diagnostics) was used to amplify 
genomic DNA. 

Sequencing 

Two samples (RLB 42 and 67) that tested positive on 
RLB for B. rossi were randomly selected for 18S rRNA 
gene sequencing. The full-length 18S rRNA gene of both 
samples was amplified using 20 pmol of primers Nbab-1 F 



(5'-AAGCCATGCATGTCTAAGTATAAGCTTTT-3') and 
reverse primer TB 18S-Rev (5'-GAATAATTCACCGGATC 
ACTCG-3') [28,29] to give a PCR amplicon of ca. 1700 
base pairs. PCR amplification was done with 2.5 ul of ex- 
tracted DNA in a final volume of 25 ul of PCR reaction 
containing 10 ul PCR grade water, 10 uM of each primer, 
and 12.5 ul of High Fidelity PCR Master. The cycling 
conditions consisted of an initial cycle of 5 min at 94°C, 
30 cycles of amplification (94°C for 30 sec, 55°C for 
30 sec and 72°C for 1 min) and 1 cycle of 7 min at 72°C 
The PCR products were purified using the QIAquick PCR 
Purification Kit (Qiagen, Germany) and sent to a commer- 
cial laboratory (Inqaba Biotech) for sequencing. 

Phylogenetic analysis 

Sequence data for the full-length 18S rRNA gene were 
assembled and edited to a total length of 1532 bp using 
GAP4 of the Staden package (Version 1.6.0 for Windows) 
and deposited in Genbank [30]. The sequences were 
aligned with sequences of related genera using ClustalX 
(Version 1.81 for Windows). The alignments were ad- 
justed manually using the BioEdit program (version 
7.0.5.2) [31]. Two generated sequences and 18 Genbank 
sequences with 1532 characters where analysed. A phylo- 
genetic tree was generated using the 'GeneBee' (www.// 
genebee.msu.su/genebee.html) programme. Phylogenetic 
analyses using cluster distance algorithm method were 
carried out (Phylip, Multiline) into the program format 
from the aligned nucleotide sequences. In the cluster algo- 
rithm, the notion of distance between groups of sequences 
was used for setting the branching order (www.//genebee. 
msu.su/ genebee.html) . 

Nucleotide sequence accession numbers 

The 18S rRNA gene sequences obtained from this study 
were submitted to GenBank under the following acces- 
sion numbers: B. rossi RLB42: JQ 613104 and B. rossi 
RLB67: JQ 613105, respectively. 

Results 

The RLB results showed that 72 (72%) of the specimens 
were positive for one or more haemoparasites (Table 2). 
In the 72 infected dogs, single infections occurred in 49 
(68.1%) and co-infections occurred in 23 (31.9%). Seven 
tick-transmitted pathogens were detected, while further 
undescribed species or species variants were also cap- 
tured: in 6/72 (8%) specimens by the Theileria/Babesia 
catch-all probe and in 4/72 (6%) specimens by the Ehrli- 
chia! Anaplasma catch-all probe. Babesia rossi, present 
in 53% of the dogs, was by far the more prevalent patho- 
gen. Non-specific clinical signs such as inappetance, 
pyrexia, pale mucous membranes, rough hair coat, ema- 
ciation and weakness were observed, with 90% of the 
dogs showing 2 or 3 of these clinical signs. None of the 
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Table 1 List of organisms and their corresponding probe 
sequences used to detect pathogen DNA 



Anaplasma bovis 

Anaplasma centrale 

Anaplasma marginale 

Anaplasma ovls 

Anaplasma phagocytophilum 1 

Anaplasma sp. (Omatjenne) 

Babesia bicornis 

Babesia bigemina 

Babesia bovis 

Babesia caballi 

Babesia canis 

Babesia catch-all 1 

Babesia catch-all 2 

Babesia divergens 

Babesia fells 

Babesia gibsoni 

Babesia leo 

Babesia microti 

Babesia occultans 

Babesia ovis 

Babesia rossi 

Babesia sp. (sable) 

Babesia vogeli 

Ehrlichia/ 'Anaplasma catch-all 
Ehrlichia canis/Ehrlichia ovina 
Ehrlichia chaffeensis 
Ehrlichia ruminantium 
Theileria annae 
Theileria annulata 
Theileria/Babesia catch-all 
Theileria bicornis 
Theileria buffeli 
Theileria catch-all 
Theileria equi 
Theileria lestoquardi 
Theileria mutans 
Theileria ovis 
Theileria parva 
Theileria separata 
Theileria sp. (buffalo) 
Theileria sp. (duiker) 
Theileria sp. (kudu) 



GTA GCT TGC TAT GRG AAC A 
TCG AAG GGA GCA TAC GC 
GAC CGT ATA CGC AGC TTG 
ACGGTACGG GGA GCTTG 
TTG CTA TAA AGA ATA ATT AGT GG 
GGG ATT TTT ATC ATA GCT TGC 
TTG GTA AAT CGC CTT GGT C 
CGT TTT TTC CCT TTT GTT GG 
CAG GTT TCG CCT GTA TAA TTG AG 
GTG TTT ATC GCA GAC TTT TGT 
TGC GTT GAC CGT TTG AC 
ATT AGA GTG TTT CAA GCA GAC 
ACT AGA GTG TTT CAA ACA GGC 
ACT RAT GTC GAG ATT GCA C 
TTA TGC GTT TTC CGA CTG GC 
CAT CCC TCT GGT TAA TTT G 
ATC TTG TTG CCT TGC AGC T 
GRC TTG GCA TCW TCT GGA 
CCT CTT TTG GCC CAT CTC GTC 
TGC GCG CGG CCT TTG CGT T 
CGG TTT GTT GCC TTT GTG 
GCT GCA TTG CCT TTT CTC C 
AGC GTG TTC GAG TTT GCC 
GGG GGA AAG ATT TAT CGC TA 
TCT GGC TAT AGG AAA TTG TTA 
ACC TTT TGG TTA TAA ATA ATT GTT 
AGT ATC TGT TAG TGG CAG 
CCG AAC GTA ATT TTA TTG ATT TG 
CCT CTG GGG TCT GTG CA 
TAA TGG TTA ATA GGA RCR GTT G 
GCG TTG TGG CTT TTT TCT G 
GGC TTA TTT CGG WTT GAT TTT 
ATT AGA GTG CTC AAA GCA GGC 
TTC GTT GAC TGC GYT TGG 
CTT GTG TCC CTC CGG G 
CTT GCG TCT CCG AAT GTT 
TTG CTT TTG CTC CTT TAC GAG 
GGA CGG AGT TCG CTT TG 
GGT CGT GGT TTT CCT CGT 
CAG ACG GAG TTT ACT TTG T 
CAT TTT GGT TAT TGC ATT GTG G 
CTG CAT TGT TTC TTT CCT TTG 



Table 1 List of organisms and their corresponding probe 
sequences used to detect pathogen DNA (Continued) 



Theileria sp. (sable) 


GCT GCA TTG CCT TTT CTC C 


Theileria taurotragi 


TCT TGG CAC GTG GCT TTT 


Theileria velifera 


CCT ATT CTC CTT TAC GAG T 



dogs exhibited clinical signs associated with severe or 
complicated canine babesiosis. 

BrEMA 7Real Time- PCR 

Real-time PCR did not detect the BrEMAl gene in 
samples that were Babesia rassi-positive on RLB. 

Sequencing and phylogenetic analysis 

Near-full-length 18S rRNA gene sequences were ob- 
tained from samples RLB42 and RLB67. A BLAST 
search revealed both samples showed a 99% similarity 
with B. rossi, a South African isolate (Accession number: 
LI 9079.1) and with B. rossi from Sudan (Accession num- 
ber: DQ1 11760.1). The observed sequences were phylo- 
genetically analysed to confirm their similarities. A 
neighbor-joining phylogenetic analysis was used to re- 
veal the relationships between the generated 18S rRNA 
gene and other related Babesia and Theileria species. 
The analyses showed that the RLB42 and RLB67 se- 
quences were closely related to B. rossi from South 
Africa and Sudan (Figure 1). 

The pooled ticks collected from the dogs in this study 
are listed in Table 3. Larvae of Cordylobia anthropophaga 
were also encountered. 

Discussion 

The main objective of this study was to use molecular 
techniques such as PCR/RLB to screen for the presence 
of tick-borne pathogens in a dog population in Nigeria. 
In addition, we aimed to determine whether the BrEMAl 
gene, which has been postulated to be associated with 
virulence in B. rossHnfected dogs, was present [19]. The 
results of this study indicate the presence of a wide range 
of tick-borne pathogens circulating among the sampled 
dog population of Jos, Nigeria. The RLB results showed 
that 72% of the dogs screened harboured one or two 
tick-borne haemoparasites. The most common parasite 
recorded in this study was B. rossi (53%). The presence 
of B. rossi in dogs in Nigeria had been reported previously, 
but the prevalences found were much lower than the 53% 
that we report: 8/400 (2%) in a general survey [12] and 
12/181 (6.6%) in dogs presented to veterinary hospitals 
[17]. At the Onderstepoort Veterinary Academic Hospital 
in South Africa, around 12% of all sick dogs presented at 
the outpatients clinic are diagnosed with babesiosis [32]. 
We found a single dog positive for B. vogeli, which con- 
firms the very low prevalences reported in other studies: 
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Table 2 Number of dogs infected with single or multiple tick-borne pathogens 



Nature of infection 

B. rossi B. vogeli E. canis E. ruminantium A. sp. (Omatjenne) T. equi T. sp. (sable) B/T E/A Total 



Single infection 


31 


0 


1 


0 


4 


1 


8 


3 


1 


49 


Co-infection with: 






















B. rossi 


- 


1 


3 


0 


0 


2 


1 


- 


1 


8 


B. vogeli 


1 




0 


0 


0 


0 


0 




0 


1 


E. canis 


3 


0 




1 


0 


0 


0 


0 




A 


E. ruminantium 


0 


0 


1 




0 


0 


0 


0 




1 


A. sp. (Omatjenne) 


0 


0 


0 


0 




0 


0 


1 




1 


T. equi 


2 


0 


0 


0 


0 




0 




0 


2 


T. sp. (sable) 


1 


0 


0 


0 


0 


0 






2 


3 


B/T 






0 


0 


1 








0 


1 


E/A 


0 


0 








0 


0 


2 




2 


Total 


38 


1 


5 


1 


5 


3 


9 


6 


4 


72 



B. rossi = Babesia rossi; B. vogeli = Babesia vogeli; E. canis = Ehrlichia canis; E. ruminantium = Ehrlichia ruminantium; A. sp. (Omatjenne) = Anaplasma species 
(Omatjenne); T. equi = Theileha equi; T. sp. (sable) = Theileria species (sable); B/T = Babesia/Theileria catch-all; E/A = Ehrlichia/ Anaplasma catch-all. 



74 



100 



86 



100 



100 
96 



100 



100 
99 



60 



100 



100 



100 



100 



5 gibsoni (Japan) AB1 18032 

6 gibsoni (Am erica) DQ184507 
B gibsoni (Japan) AB478320 
B divergens (Germany) EF458227 
B divergens (Switzerland) EU182 
B c rossi (Sudan) DQ111 760 
Bates/a canis (SA) L19079 

RLB 42 
RLB 67 

B c canis (Europe) AY072926 
S c canis (Romania) HQ662634 
B canis (Israel) AY272047 
B c vogeli (Venezuela) DQ297390 
Be vogeli (Brazil) AY371 194 
S c vogeli (China) HM590440 
B c vogeli (Japan) AB083374 
B c vogeli (Taiwan) HQ1 48664 
Thetferia sp BC295 (SA) EU0532C 
Hepatozoon felis AY620232 
Hepatozoon canis DQ1 1 1 754 



Figure 1 Neighbor-joining tree, with the Kimura two-parameter distance [47] calculation showing the phylogenetic relationship of RLB 
42 and 67 to related species based on the 18S rRNA gene sequences. Relationships are presented as an unrooted tree with branch lengths 
being proportional to the estimated genetic distance between the strains. 
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Table 3 List of ticks collected 



Species 


Nymph 


Adult 


Total 






Male Female 


(%) 


Amblyomma variegatum 




1 


1 (1%) 


Haemaphysalis elliptica 




1 


1 (1%) 


Haemaphysalis leachi 




4 23 


27 (18%) 


Rhipicephalus lunulatus 




1 


1 (1%) 


Rhipicephalus muhsamae 




1 2 


3 (2%) 


Rhipicephalus sanguineus 


41 


25 41 


107 (73%) 


Rhipicephalus senegalensis 




1 2 


3 (2%) 


Rhipicephalus turanicus 




3 


3 (2%) 



1/400 (0.25%) [12] and 1/181 (0.6%) [17]. This is interest- 
ing since the known vector, R. sanguineus, was the most 
numerous tick encountered in our study. While H. leachi 
(sensu stricto) was the second most abundant tick en- 
countered, we found a single H. elliptica, the proven vec- 
tor of B. rossi in South Africa. This suggests that H. leachi 
may also be a competent vector of B. rossi in Nigeria. 

To our knowledge, these are the first reports of the 
possible occurrence in dogs of Theileria equi, Theileria 
sp. (sable), Ehrlichia ruminantium and Anaplasma sp. 
(Omatjenne) in Nigeria. The only Theileria sp. currently 
known to cause severe disease in domestic dog is T. 
annae, which was originally reported to occur in Spain 
[33,34]. Theileria annae has also been reported in North 
America, Portugal and Sweden [35-39]. Theileria equi 
and T annulata have also been isolated from dogs in 
Spain [34,40]. The clinical significance of T. equi and/or 
T. annulata parasites in dogs remains unknown. Theileria 
sp. (sable), possibly found in 9 dogs in our study, is known 
to cause mortalities in sable antelopes, but is also reported 
from other species where it appears to be an incidental 
finding [41]. A parasite similar to Theileria sp. (sable), des- 
ignated Theileria sp. (dog), has been reported as an inci- 
dental finding in South African dogs [42], while a single 
dog from Jos South, Nigeria, was reported to be positive 
for Theileria sp. [17]. Parasites known to be virulent in 
particular hosts may infect accidental hosts without caus- 
ing disease [40]. This may also apply to E. ruminantium 
and A. sp. (Omatjenne) possibly detected in our speci- 
mens. Since B. rossi was the focus of our study, the pres- 
ence of the DNA of the other haemoparasites found 
was not confirmed by DNA sequencing. This should 
be followed up to rule out possible contamination or 
misidentification. 

The BrEMAl gene appears to be unique to B. rossi as 
it is absent in B. vogeli and B. canis isolates investigated 
[19]. At least 12 different BrEMAl genotypes have been 
reported in South Africa, of which 4 are associated with 
poor prognosis in B. rassi'-infected dogs [19]. The nega- 
tive results of the real-time PCR indicated that the 



BrEMAl gene was absent in all 38 specimens tested. 
This was surprising, but could possibly account for the 
absence of severe, complicated canine babesiosis cases in 
our sample. The question arises whether the BrEMAl 
gene is absent from B. rossi in other parts of Nigeria, as 
well as from other countries in sub-Saharan Africa. 

In Nigeria, Babesia infections in dogs are usually mild 
and in some cases sub-clinical. This is contrary to the 
South African situation where B. rossi infections are 
often associated with clinical complications and mortal- 
ities. The reason for the virulence of the B. rossi isolates 
from South Africa may be due to the presence of wild 
canids, e.g., African wild dogs (Lycaon pictus) and black- 
backed jackals (Canis mesomelas), in the maintenance of 
the life cycle of B. rossi [43]. In Nigeria, wild canid popu- 
lations have been persecuted to the point where there 
are no naturally occurring wild canids [44]. Given this 
fact, we can speculate that the life cycle of B. rossi is cur- 
rently maintained only within the domestic dog popula- 
tion in Nigeria. This is contrary to the South African 
situation, where B. rossi has been detected and isolated 
from wild dogs. In addition H. elliptica, the known vec- 
tor of B. rossi, has been collected from wild and domes- 
tic dogs in South Africa [45,46]. This may imply that 
B. rossi in Nigeria has through time and by natural selec- 
tion lost its virulence, and by implication, the BrEMAl 
gene and its associated virulent genotypes. Thus, further 
studies will be required to investigate the role of wild 
canids in the maintenance of virulent B. rossi genotypes 
circulating within domestic dog populations. 

Comparison of the B.rossi 18S rRNA gene sequences 
obtained indicates that the B. rossi sequences from 
Nigeria are closely related to the B. rossi from South 
Africa (Accession number: L 19079) and Sudan (Accession 
number: DQ 111760) with a 99% identity. Since the se- 
quences are similar, this supports our conclusion that the 
B. rossi isolates circulating in domestic dogs in Nigeria are 
indeed true B. rossi (sensu stricto). 

Conclusions 

At least 8 tick-borne pathogens possibly occurred in the 
sampled dog population at Jos, with B. rossi being the 
most prevalent. No severe or complicated cases of ca- 
nine babesiosis were reported, suggesting either that the 
dogs cope fairly well with infection or that the B. rossi in 
that area is less virulent than elsewhere, e.g. in South 
Africa. The absence of the BrEMAl gene, which has 
been postulated as being linked with clinical outcome of 
infection, may possibly account for B. rossi occurring in 
that area being less virulent than South African isolates. 
The high prevalence of B. rossi infection indicates the 
presence of a competent vector of this pathogen; cir- 
cumstantial evidence points to H. leachi (sensu stricto) 
being the vector. 
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